Aim: To identify surrogate prognostic markers in intrahepatic cholangiocarcinoma (IHCC). Methods: Thirty one cases of IHCC were graded and immunostained for FAT, Ki67, E-cadherin, b catenin, and HER 2/neu. Results: Twenty two cases were high grade and 27 had high Ki67 counts. Strong membranous staining of HER 2/neu was found in 10 tumours and reduced membranous E-cadherin and b catenin in 19 and 18 tumours, respectively. Nuclear localisation of b catenin was identified in five tumours and 22 showed weak cytoplasmic staining of FAT. Strong HER 2/neu and weak FAT immunoexpression were significantly correlated with high histological grade (p = 0.01) and high Ki67 index (p = 0.03). Upregulation of HER 2/neu was also significantly associated with nuclear localisation of b catenin (p = 0.01). Reduced membranous b catenin was significantly related to reduced membranous E-cadherin (p = 0.03), weak staining for FAT (p = 0.01), and nuclear translocation of b catenin (p = 0.04). Conclusions: Reduced immunoexpression of E-cadherin and FAT at their normal membranous location may be potential prognostic markers, and the overexpression of HER 2/neu and b catenin nuclear translocation may have a role in cholangiocarcinogenesis.
O n average, 15% of liver cancers worldwide are (IHCCs), although this figure varies from one country to another. 1 The age standardised incidence of IHCC is 78.8/10 males in northern Thailand, the highest in the world. 2 Early detection of IHCC is difficult, and survival depends largely on the feasibility of complete surgical resection; the median survival in two large series was 5.7 3 and 6.5 months. 4 Histological grade is related to tumour size, presentation, and metastatic rate. 5 Other histological parameters of poor prognosis include scirrhous subtype, lymphatic permeation, perineural invasion, and high tumour proliferation. 6 ''Early detection of intrahepatic cholangiocarcinoma is difficult, and survival depends largely on the feasibility of complete surgical resection'' Very few studies have examined the prognostic value of other biological parameters. Here, we examine the immunoexpression of several adhesion proteins-including FAT, Ecadherin, and b catenin-and correlate them with recognised prognostic parameters in IHCC, namely, HER 2/neu, Ki67, and histological grade.
MATERIALS AND METHODS
Thirty one cases of IHCC, comprising 13 excisions, six wedge biopsies, and 12 core biopsies, accessioned during 12 months in 2001-2002, were retrieved from the files of the pathology department, Chiang Mai University, Thailand. There were 14 women (aged 43-72 years; mean, 55.79; SD, 7.62) and 17 men (aged 40-67 years; mean, 53.59; SD, 8.15 ). All tumours were of primary intrahepatic bile duct origin and were graded histologically into three grades according to the World Health Organisation system. 7 Grade 1 (well differentiated) tumours were renamed low grade, and histological grades 2 (moderately differentiated) and 3 (poorly differentiated) were combined into a high grade group. Representative sections from formalin fixed, paraffin wax embedded blocks were subjected to immunohistological staining with antibodies to FAT, Ki67, HER 2/neu, E-cadherin, and b catenin at the Hunter Area Pathology Service, Newcastle, Australia. All antibodies were incubated overnight at 22˚C and a standard streptavidin-biotin procedure was used with diaminobenzidine as the chromogen; dilutions and sources were as follows: anti-FAT (1/5000; Professor G Burns, Cancer Research, Newcastle, Australia), anti-Ki67 (1/50; Dako, Sydney, Australia), anti-E-cadherin (1/300; Zymed, San Francisco, California, USA), anti-b catenin (1/300; Zymed), and anti-HER 2/neu (1/50; Dako). Antigen retrieval was carried out as follows: FAT, citric acid/EDTA (pH 8.0) at 98˚C for 15 minutes; Ki67, citrate buffer (pH 8.0) at 98˚C for 15 minutes; HER 2/neu, citrate buffer (pH 6.0) at 110˚C for 15 minutes; E-cadherin, citrate buffer (pH 6.0) at 110˚C for 15 minutes; and b catenin, citrate buffer (pH 6.0) at 110˚C for 15 minutes.
The immunohistological stains were evaluated independently and without knowledge of the findings of other markers. Areas with the highest counts were assessed in the resection specimens. In total, 500 tumour cells were counted and a percentage of positive cells was obtained. In small biopsies, when less than 500 cells were available, all tumour cells in the section were evaluated. The concordance ratios were between 74.20 and 87.10; discordant results were discussed and a consensus reached. The Ki67 index was arbitrarily scored as low when , 10% of the tumour cells showed nuclear staining and as high when . 10% were stained (fig 1) . The membrane expression of HER 2/neu was scored as either weak (staining of , 10% of tumour cells) or strong (staining of . 10% of tumour cells) (fig 2) . The membranous expression of E-cadherin ( fig 3) and b catenin (fig 4) was designated as ''preserved'' if more than 90% of the tumour cells showed intact staining and ''reduced'' if otherwise. The cytoplasmic and nuclear localisation of these proteins was recorded as either present or absent. The cytoplasmic immunoexpression of FAT protein was scored as strong (staining intensity equal to or greater than that of normal bile duct epithelium or hepatocytes) and weak expression (negative or staining intensity less than that of normal bile duct epithelium or hepatocytes) ( fig 5) .
The tests of association between each of the markers, and between the markers and both Ki67 and tumour grade were performed using x 2 statistics. The x 2 test was also used to evaluate the relation between sex and each of these factors.
Kappa statistics were used to evaluate the degree of agreement between each pair of study factors. The KruskalWallis test was used to test for the differences between ages in each variable. Significance was set at 0.05. All analyses were implemented with the STATA statistic software, version 7. Table 1 summarises the findings in the 31 IHCCs. Normal intrahepatic bile duct epithelium and hepatocytes were negative for Ki67 and HER 2/neu, and displayed strong 2 = 17 H = 27 S = 10 P = 12 P = 13 P = 5 S = 9 3 = 5 *Tumour grade: L, low; H, high; ÀKi67: H, .10% positive; L, ,10% positive;`HER 2/neu membranous staining: S, strong (.10% staining); W, weak (,10% staining); 1membranous E-cadherin: P, preserved; R, reduced; ômembranous b catenin staining: P, preserved; R, reduced; **nuclear b catenin translocation; P, positive; N, negative; ÀÀFAT: S, strong cytoplasmic staining; W, weak cytoplasmic staining. Table 3 shows the k statistics results. The findings are consistent with those from the test of association-that is, strong membranous staining of HER 2/neu was significantly correlated with high histological grade and nuclear localisation of b catenin; reduced membranous staining of b catenin was significantly correlated with reduced membranous expression of E-cadherin, nuclear localisation of b catenin, and reduced staining of FAT; and a high Ki67 index was significantly correlated with reduced staining of FAT. The k values ranged from 0.24 to 0.45.
RESULTS
There was no association between age or sex and all variables examined (p . 0.05).
DISCUSSION
We found a strong correlation between HER 2/neu and FAT expression and other adhesion proteins studied, in addition to tumour grade and Ki67 immunoreactivity. Weak membranous staining of HER 2/neu was found in all cases of low grade IHCC. The overexpression of this protein showed a significant positive association with the nuclear localisation of b catenin. Previous studies have shown HER 2/neu overexpression in IHCC, with percentages varying from 26% to 82%. [8] [9] [10] [11] [12] [13] A significant correlation between high HER 2/neu expression and lymph node metastasis has been noted. 12 In contrast to our results, Endo et al found a significant association between strong immunostaining of HER 2/neu and well differentiated IHCC.
14 Although both studies used the same semiquantitative method of assessment, they used a monoclonal antibody whereas ours was polyclonal. This is the first reported study of FAT protein in IHCC. The FAT gene on chromosome bands 4q34-35 encodes a protein that closely resembles the drosophila tumour suppressor FAT. 15 This transmembrane protein, a new member of the cadherin superfamily, contains a large extracellular domain of 34 cadherin repeats (a classic cadherin molecule consists of only five extracellular cadherin repeats), five epidermal growth factor repeats, and two laminin-A G repeats. 16 The intracytoplasmic domain contains two protein blocks of 137 and 84 amino acids that are homologous to the cadherincatenin binding region. 17 It is likely that b catenin binds to the intracytoplasmic domain of FAT and that the interaction between FAT and b catenin is involved in Wnt signalling and the degradation of b catenin. 18 FAT expression showed a significant inverse association with the Ki67 index (p = 0.03). High Ki67 activity was found in 21 of 22 tumours with weak membranous FAT staining and in six of nine tumours with strong membranous FAT staining. Thus, FAT may also play a role in the progression and carcinogenesis of IHCC, with loss of membrane localisation correlating with more aggressive tumours. Alternatively, the immunoreactivity pattern of FAT mirrors alterations in E-cadherin and b catenin and reflects the loss of these proteins at their membranous location.
The b catenin protein forms an intracytoplasmic complex with a catenin, actin, and the intracytoplasmic domain of E-cadherin to maintain normal cellular structure and cellcell adhesion. 19 There is evidence that b catenin binds competitively with E-cadherin and HER 2/neu. 20 A positive correlation between b catenin and HER 2/neu has been shown in human cholangiocarcinoma. 21 Moreover, excess b catenin can enter the nucleus to activate the transcription of growth promoting genes. Altered expression of b catenin, such as nuclear or cytoplasmic immunolocalisation and loss of membranous expression, and activating mutations in exon 3 of the b catenin gene, have been found in cholangiocarcinoma and other tumours. 22 23 ''Our findings support the concept that, in normal cells and low grade tumours, HER 2/neu binds to the intracytoplasmic domain of E-cadherin and to FAT'' Eighteen and five tumours showed reduced membranous expression of b catenin or nuclear localisation, respectively. All five tumours with nuclear b catenin expression showed reduced membranous b catenin staining. These results correspond to those of Sugimachi et al, 23 who found reduced membranous expression of b catenin in 58 of 71 IHCCs and nuclear localisation in 11 tumours, suggesting that such abnormalities play a role in cholangiocarcinogenesis. The HER 2/neu protein has been shown by western blotting analysis to associate directly with b catenin through its cytoplasmic domain core region, which has extensive homology with the epidermal growth factor receptor. 24 It is thought that in human cancers HER 2/neu induced signalling is directly linked to the cadherin mediated cell adhesion system through b catenin. In the only other study of Ecadherin, b catenin, HER 2/neu, and Ki-67 in cholangiocarcinoma, Ashida and colleagues 21 found downregulation of Ecadherin in eight of 18 low grade and 17 of 29 high grade tumours in 47 Japanese patients. The expression of Ecadherin and b catenin correlated significantly with histological grade-the expression of these adhesion molecules tended to be weak in high grade IHCC. However, in contrast to our results, they found that b catenin downregulation was significantly correlated with weak HER 2/neu staining.. As with our previous observations in breast cancer, 22 the loss of membranous expression of E-cadherin may be the stimulus for a cascade of events that result in loss of membrane binding of b catenin and other proteins. The loss of membrane expression of E-cadherin and b catenin that occurs in high grade tumours results in increased free cytoplasmic b catenin, which, in turn, translocates to the nucleus and increases cellular proliferation. 25 26 Kappa statistics confirmed the presence of associations between the studied variables. The k statistic values of the pairs with significant agreement were 0.24 to 0.45 and were within the expected range. They were relatively high in view of the complexity of the variables in carcinogenesis.
Our findings suggest that most IHCCs tend to be high grade tumours with high Ki67 counts; HER 2/neu and FAT protein may be useful prognostic markers in IHCC. The loss of membranous localisation of the cadherin superfamily molecules-E-cadherin, b catenin, and FAT-overexpression of HER 2/neu, and nuclear translocation of b catenin are indicators of IHCC progression and correlate with other confirmed markers of poor prognosis; namely, Ki67 index and histological grade. Confirmation of the prognostic value of these immunohistological markers awaits prospective patient follow up. 
